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The necessity of developing digital band-pass filter at creation of 
synchronous generator diagnostic system of turn-to-turn short circuit rotor 
winding based on the harmonic component separation from the signal obtained 
in the output of the magnetic field sensor [1]. A problem complexity is the low 
value of the intelligence signal - 1.5 ... 3% of the fundamental harmonic, and it 
is also a large number of noises (pulse noises, higher harmonic components, 
etc.) [2].  
Statement of objectives: to develop the minimal order digital band-pass 
filter capable of suppressing constant and higher harmonic components and 
passing a signal with frequency equal to the rotor frequency. 
There was a problem of dedicating the signal which is proportional to the 
value of sinusoidal half-wave asymmetry during the diagnostic system 
development.  
For example, Figure 1 shows a perfect EMF signal from the sensor output. 
The signal asymmetry is manifested in the decreasing one of the 2p half-wave 
amplitude (∆е) (Figure 1, p = 1), where p is machine pole pairs number. 
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Figure 1. The sensor signal data in case of a SG damage  
The problem was solved by converting the EMF into a unipolar signal, 
followed by the band-pass dedicating of the subharmonic frequency f1=fs/p, 
where fs is a network frequency. The digital band-pass filter (BPF) consists of 
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the high pass filter (HPF) and low pass filter (LPF). 
The level of the BPF useful signal increases with increasing LPF order, 
the filter response time also increases. It has a negative impact on the device 
operating speed. 
Special requirements to the HPF order were not made in the development. 
The smallest filter order N was the criterion for the required level of noise 
suppression. The required level is determined by the ratio of useful signal level 
to general signal level: 
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The calculation showed that the required attenuation level was equal 60 
dB at the minimum level of the selected signal was being 1.5% of the total. 
The Chebyshev filter, Butterworth and elliptic filters were selected as the 
basis LP-filter. The each selected filter order was calculated according to 
formulas (1), (2), (3) at the suppression level RS = 60 dB [3,4].  
The Butterworth filter order:  
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The Chebyshev filter order: 
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The Cauer filter order: 
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where, Nb, Nch, Nk – are Chebyshev, Butterworth and elliptic filters orders, RP – 
is a signal distortion level in the  pass-band,  RS –is a noise suppression level, 
ω0– is a passband, ω1 – is a rejection frequency, К – is a complete elliptic 
integral, 'K – is a complementary elliptic integral. 
The dependence of the filters order from the useful signal level Δe at the 
given suppression level is shown in Figure 2. 
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Figure 2. The dependence of the filters order from the useful signal  
level Δe at RS = 60 dB 
(1 - by Butterworth 2 - by Chebyshev, 3 - by Cauer) 
As it can be seen from figure 2, the minimum order value Nk of elliptic 
filter equals 5 in case of RS=60 dB and Δe =1,5 % . The BPF was implemented 
on basis of the elliptic filter. A useful signal distortion in the passband was 
amounte 
0.5 dB. 
The BPF consists of the high-pass and low-pass filter component, which 
can be represented as the following transfer function: 
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where H(s) is a transfer function, s is a complex variable, ai,bi are transfer 
function coefficients. The BPF transfer function coefficients values for the 
above-mentioned example are shown in Table 1. 
 
Table 1. The BPF coefficients 
LPF 
a0 a1 a2 a3 a4 a5 
7,994·1011 0 3,168·106 0 2,62 0 
b0 b1 b2 b3 b4 b5 
7,988·1011 9,204·109 4,652·107 2,08·105 376,5 1 
HPF 
a0 a1 a2 a3 a4 a5 
0 3,101·108 0 3,852·104 0 1 
b0 b1 b2 b3 b4 b5 
1,168·1013 4,457·1010 2,497·108 5,66·104 1,136·103 1 
The BPF experimental test was carried out on synchronous generator 
GAB-4-T/230 at the laboratory.  Filter characteristics coincided with the 
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calculated values. It reliably allows revealing at least 2% of short circuits in 
generator various operating modes. 
Сonclusion 
 1. The designed filter fully meets the requirements of the synchronous 
generator diagnostic system; 
 2. The band-pass filter designing method is justified for synchronous 
generator diagnostic system; 
 3. The efficiency of operationally designed filter is experimentally 
confirmed. 
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Одной из особенностей современного мирового сообщества является 
все большее углубление процессов глобальной информатизации во всех 
сферах общественной жизни. От уровня и темпов развития информационных 
технологий во многом зависят состояние экономики, качество жизни 
общества, национальная безопасность и роль государства среди мировых 
